Stimulation of protein synthesis in COS cells transfected with variants of the alpha-subunit of initiation factor eIF-2.
The role of eukaryotic initiation factor 2 (eIF-2) phosphorylation in translational control has been demonstrated in vivo by overexpressing variant forms of eIF-2 alpha that are not phosphorylated. COS-1 cells transiently transfected with expression vectors for human eIF-2 alpha contain 10-20-fold more eIF-2 alpha subunit than the endogenous COS cell eIF-2 trimeric complex. Expression of the variant form of eIF-2 alpha, Ser51Asp, where Asp replaces Ser51, causes inhibition of protein synthesis, whereas the Ser48Asp variant does not. When either Ser48 or Ser51 is replaced by Ala, the variants stimulate dihydrofolate reductase synthesis when the eIF-2 alpha kinase, DAI, is activated. In order to elucidate these mechanisms, we have separated eIF-2 trimeric complexes from free overexpressed eIF-2 alpha subunits by fast protein liquid chromatography Superose chromatography. Pulse-labeled cells transfected with wild-type or variant DNAs produced eIF-2 preparations with greater than 10-fold higher specific radioactivity in the alpha-subunit compared to the gamma-subunit, thus demonstrating that the human eIF-2 alpha produced from the plasmids readily exchanges into COS cell eIF-2 complexes. Both wild-type and Ser48Ala variant forms of the free 2 alpha-subunit, further purified by MonoQ chromatography, are poor substrates for the heme-regulated eIF-2 alpha kinase, HRI, but are good substrates for double-stranded RNA-activated inhibitor in vitro; the Ser51Ala variant subunit is not phosphorylated by either kinase. None of the purified free eIF-2 alpha subunits inhibits phosphorylation of eIF-2 in vitro, even at up to 8-fold molar excess. Examination of the extent of eIF-2 alpha phosphorylation in the COS cell eIF-2 complexes by two-dimensional polyacrylamide gel electrophoresis shows that the stimulation of dihydrofolate reductase synthesis by the Ser51Ala variant is most readily explained by failure of eIF-2 to be phosphorylated. Stimulation by the Ser48Ala variant appears to occur by mitigation of the effect of phosphorylation at Ser51 since the double variant, Ser48Ala-Ser51Asp, inhibits protein synthesis less than the single variant Ser51Asp. The evidence argues strongly against there being a second site of phosphorylation involved in translational repression.